Context. Stellar feedback strongly affects the interstellar medium (ISM) of galaxies. Stellar feedback in the first galaxies likely plays a major role in enabling the escape of LyC photons, which contribute to the re-ionization of the Universe. Nearby starburst galaxies serve as local analogues allowing for a spatially resolved assessment of the feedback processes in these galaxies. Aims. We characterize the feedback effects from the star clusters in the local high-redshift analogue ESO 338-IG04 on the ISM and compare the results with the properties of the most massive clusters. Methods. We use high quality VLT/MUSE optical integral field data to derive the physical properties of the ISM such as ionization, density, shocks, and perform new fitting of the spectral energy distributions of the brightest clusters in ESO 338-IG04 from HST imaging.
Introduction
Young massive stars have a strong impact on their surroundings. They destroy the molecular clouds they are born in and ionize the surrounding interstellar medium via copious amount of Lyman continuum (LyC) photons. Additionally, stellar winds and, at a later stage supernova explosions inject large amounts of mechanical energy in the ISM, driving shocks and large scale outflows. Stellar feedback has strong effects on the evolution of the galaxies where the massive stars are located in. Feedback can trigger new sites of star formation (e.g. Adamo et al. 2012) , or even suppress star formation by emptying large cavities around massive star clusters (e.g. Östlin et al. 2007; Pasquali et al. 2011) .
At low-metallicity especially, the effect of the stellar feedback on the ISM of the galaxy is not well understood. A detailed understanding of stellar feedback in these environments and how it facilitates the escape of LyC radiation is particularly relevant as the leakage of the LyC from starburst galaxies is one of the candidates for the re-ionization of the universe (e.g. Robertson et al. 2015; Bouwens et al. 2015; Trebitsch et al. 2017) . HowBased on observations made with ESO Telescopes at the La Silla Paranal Observatory under programme 60.A-9314 (Science verification) and on public data released from the MUSE commissioning observations at the VLT Yepun (UT4) telescope under Programme ID 60.A-9100(C). ever, at high redshift these galaxies are hard to detect, let alone study in detail. Therefore studies of local galaxies with similar properties as the high-redshift star forming galaxies provide vital information in understanding how the feedback acts on the ISM and facilitates possible LyC leakage.
Blue compact (dwarf) galaxies (BCGs) are typically considered to be local analogues of high redshift star forming galaxies. They are compact, characterized by a highly elevated star formation rate and low metallicity (Searle & Sargent 1972; Izotov & Thuan 1999 ). These galaxies typically have an ongoing starburst super imposed on a much older stellar population (Loose & Thuan 1986; Kunth et al. 1988; Papaderos et al. 1996a,b; Kunth & Östlin 2000; Bergvall & Östlin 2002; Gil de Paz et al. 2003) . Their optical spectra are dominated by emission lines allowing a detailed characterization of the ISM properties and kinematics. Kinematical studies of BCGs reveal irregular velocity fields suggestive of their starburst being triggered by mergers involving dwarf galaxies or in-falling massive gas clouds (Östlin et al. 2001) . BCGs are hosts of rich population of young stellar clusters (e.g. Meurer et al. 1995; Thuan et al. 1997; Östlin et al. 1999 Adamo et al. 2010a Adamo et al. ,b, 2011 Calzetti et al. 2015) , containing large amounts of massive stars responsible for stellar feedback.
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ing to stellar population models star clusters younger than ∼4 Myrs (for metallicity Z=0.004) emit the most amount of Hydrogen and Helium ionizing photons as even the most massive stars have not yet exploded as supernova . In this phase ionization and radiation pressure are important mechanisms of feedback (Krumholz et al. 2014) . After 3 Myrs massive stars evolve into Wolf-Rayet (WR) stars. Their surface temperatures can reach values up to 100,000 K (Smith et al. 2002; Crowther 2007 ) and they emit large amounts of very hard photons, giving rise to the ionization of He + . At low metallicity (12+log O/H < 8), however, evidence is found for a decreased importance of WR stars and that O stars could be the main source of He + ionizing photons (Kunth & Schild 1986; Guseva et al. 2000; Brinchmann et al. 2008) .
The strong stellar winds of massive stars are responsible for the output of mechanical energy in the ISM during the first 4 Myr of the cluster lifetime. Only after 4 Myrs, when the first supernovae explode, mechanical energy is mainly produced by the supernovae. Until clusters reach an age of 40 Myrs, their mechanical energy output (by stellar wind and later by supernovae) remains roughly constant . The mechanical energy of the stellar winds and supernovae heats up the surrounding ISM and creates a large, so called super-bubble, filled with hot, X-ray emitting gas (Weaver et al. 1977 ). In the theoretical picture of the formation of galactic winds (Chevalier & Clegg 1985; Strickland & Heckman 2009; Heckman & Thompson 2017) , super-bubbles are the first stage in the creation of a galactic scale outflow. In the super bubble the reservoir of hot gas thermalised by the supernova explosions is built up. While expanding, the edge of the bubble becomes gravitationally unstable and break. This allows the hot gas to escape and form an outflow (the so-called 'blow-out" phase). In a inhomogeneous medium, the outflowing material follows the path of least resistance and escapes via the low-density channels already present in the gas, created by e.g. previous generations of clusters (Cooper et al. 2008) . The Hα emission is originating from the warm gas entrained by the outflow and the inner walls of the outflow cones (e.g. Westmoquette et al. 2009 ), as well as from radiatively cooling hot gas (Thompson et al. 2016) .
In this paper we focus on one of the closest luminous BCG and high redshift analogue ESO 338-IG04 (hereafter shortened to ESO 338, α=19 h 27 m 58.2 s , δ=-41
• 34 32 ), also known as Tololo 1924-416, at a distance of 37.5 Mpc 1 (Östlin et al. 1998 ) and a metallicity of 12% solar (Bergvall 1985) . The galaxy is a compact galaxy, currently undergoing a vigorous starburst which started 40 Myrs ago and created a large young stellar cluster (YSC) population (Östlin et al. 1998 Adamo et al. 2011) . The most massive young stellar cluster in this galaxy (cluster 23) has a dynamical mass of ∼10 7 M and is the most luminous and massive young (age < 10 Myr) cluster detected in nearby galaxies. This cluster has evacuated a large bubble in the ISM (Östlin et al. 2007) . ESO 338 has a total stellar mass of 4 × 10 9 M and a star formation rate of 3.2 M yr −1 (Östlin et al. 2001 ). The galaxy is surrounded by a large halo of ionized (Östlin et al. 1999; Bik et al. 2015 ) and neutral gas (Cannon et al. 2004) . ESO 338 has a companion galaxy, ESO 338-IG04B, connected via a tidal tail observed in H i (Cannon et al. 2004) . Cannon et al. (2004) suggests that a strong gravitational interaction between the two galaxy has triggered a starburst in ESO 338-IG04. However, the projected distance is rather large (∼72 kpc), suggesting that the current starburst may not have been triggered by this interaction. Summarizing, the relative proximity and extreme properties make ESO 338 a good environment to study the effect of cluster feedback at low metallicity.
We present deep optical integral field spectroscopy obtained with the Multi-Unit Spectroscopic Explorer (MUSE) of this galaxy where we observe the ISM and the extended halo of the galaxy. This data will allow us to obtain spatially resolved information on physical properties of the ISM such as density, extinction, degree of ionization, abundance and kinematics. In Bik et al. (2015) the first results of the MUSE observations on ESO 338 were presented, where we identified two ionization cones as well as two galactic scale outflows. We found that the Lyα emission preferentially escapes in the direction of the galactic scale outflows. This paper presents even deeper data by combining two different MUSE datasets on ESO 338. This unique dataset from MUSE enables us for the first time to make a direct comparison between the properties of the ISM and the young stellar cluster population in ESO 338 as derived from HST.
In this paper we combine the cluster analysis and the analysis of the ISM of ESO 338 in order to analyse the effect clusters have on the ISM of ESO 338 in detail. In Sect. 2, the data are presented and the data reduction is described. Sect. 3 summarises the properties of the stellar clusters and especially those of the clusters containing WR stars. In Sect. 4 we derive the physical conditions of the ionized gas based on the emission line maps.
In Sect. 5 we analyze the halo in further detail, by deriving its mass, apply a two dimensional analysis of emission line ratios using the so called BPT diagram (Baldwin et al. 1981) , as well as analyse the galactic scale outflow in detail. In Sect. 6 we discuss the properties of the halo in the context of other galaxies and speculate on the possibility of ESO 338 being a LyC leaking galaxies. The paper ends with a summary and conclusions (Sect. 7).
A. Bik et al.: Super star cluster feedback in ESO338-IG04 
Observations and data reduction
In this paper we present and analyse two datasets obtained with the integral field spectrograph MUSE (Bacon et al. 2010) , mounted on the VLT on Paranal, Chile. The first MUSE dataset was obtained during the first science verification run on 2014, June 25. The data were taken in non-AO mode with the extended wavelength setting, providing spectra between 4600 and 9300 Å over a 1 field of view with a 0.2 pixel scale. The first results of this dataset have been published in Bik et al. (2015) . The integrations were split over 2 observing blocks (OBs) with each four frames of 750 s rotated by 90 deg each to minimise the systematics.
The second dataset was obtained during the second commissioning run on 2014, July 30 and 2014, August 3, also in non-AO mode and with the extended wavelength setting. This data was spit over 2 OBs with 4 frames of 900 sec in the first OB and 3 frames of 900 sec in the second OB (Table 1) . No separate sky frames were taken for the datasets.
Both datasets are reduced with the ESO pipeline version 1.2.0 (Weilbacher et al. 2012) , resulting in an improved data cube, with significantly better sky subtraction than the data presented in Bik et al. (2015) , processed with a much earlier version of the pipeline. For the science verification data set, slit 6 of IFU 10 is vignetted and contains very low flux due to data acquisition at low instrument temperature. The ESO provided trace tables for this slit have been used to get a wavelength calibration. The slit has been removed from the science data. The dataset taken during commissioning did not have this problem.
Sky subtraction
As the Hα and [O iii]5007Å lines extend to the edge of the observed field of view, special care has been taken to properly remove the sky background. The edges of the fields, where the Hα and [O iii]5007Å are not present are too small, resulting in a lowsignal to noise sky spectrum. Applying this spectrum results in a bad correction of the emission lines, especially in the red part of the spectrum.
We therefore apply a different approach to remove the sky emission without affecting the nebular emission lines. This process is done in two steps. Firstly, a sky background is created with the pipeline using a skymodel_fraction = 0.2 in the scipost procedure. After inspection of the resulting sky spectrum, emission lines of Hα, Hβ [O iii]5007Å and 4959Å are present. These are removed by interpolating below these lines in the SKY_CONTINUUM file. The SKY_CONTINUUM should contain only a smoothly varying continuum, as it is created after the sky lines have been subtracted. Any residuals in this spectrum are either sky line subtraction residuals or extended emission lines. None of the selected emission lines were contaminated by sky line residuals. The modified SKY_CONTINUUM file is then again inserted in the pipeline and scipost is run again with the modified sky as input, resulting in a much better removal of the sky lines. This approach has been also successfully applied in Herenz et al. (2017) .
We then extract line maps for the emission lines of scientific interest by numerically integrating under the line profile. The continuum underneath the line is estimated by averaging the continuum left and right of the emission line and subtracted. The corresponding noise frames are extracted from the error cube by quadratically summing the error over the wavelength range the line is integrated. On the line maps we check for residual sky emission or absorption the following way: We apply a weighted Voronoi tessellation binning algorithm by Diehl & Statler (2006) , which is a generalization of the Cappellari & Copin (2003) algorithm, with a signal to noise of 5 and a maximum cell size of 2500 pixels to detect the line emission and subtract the emission with a signal-to-noise higher than 5 from the line map. The resulting map now only contains residual sky emission. We fit a Gaussian function to the histogram of the sky values to calculate the centroid of the distribution. The centroid is then subtracted from the original map, making sure that the sky pixels have values centred around 0. The typical sky residuals found this way are below 1.5 × 10 −20 erg s −1 cm −2 . Finally, the data of the two datasets are combined into one final data cube. This data cube is about twice as deep in exposure time as the data presented in Bik et al. (2015) . The final image quality is 0.9 as measured on a reconstructed V-band image. Fig 1 shows a 3 colour image of the VRI broad-band images extracted from the final data cube, showing the galaxy and the surrounding star clusters as well as some background galaxies. Two bright foreground stars are marked with a star sign.
Young Stellar Clusters
ESO 338 hosts a large young stellar cluster (YSC) population, formed during the current starburst. Östlin et al. (1998, 2003) carried out a detailed analysis of the stellar population based on NUV, UBVI HST imaging. They found that the present starburst has been active since 40 Myrs. Adamo et al. (2011) show that the cluster formation rate in ESO 338 has strongly increased since ∼ 20 Myrs. They also show that the amount of stellar mass forming in clusters with respect to the total stellar mass formed in ESO 338 is very high (50 ± 10%), making this galaxy an excellent show case in studying the feedback of YSCs on the ISM. Östlin et al. (2009) present additional Hα imaging as well as far-UV data, allowing a better constraint on the ages of the very young clusters, covering the energy distribution between ∼1400Å to 9500Å, including narrow band Hα. Following the procedure outlined in Adamo et al. (2010a) we construct spectral energy distributions (SEDs) of the clusters. A cluster catalogue is created by detecting the clusters in the F550W and F814W filters independently using SExtractor (Bertin & Arnouts 1996) . The final cluster catalogue is created by merging the catalogues of the two filters and requiring a detection in both the F550W and F814W images. Aperture photometry was performed to all bands with the cluster catalogue as input with fixed aperture size of 0.125 in all the bands. The inner radius of the sky annulus was set at 0.15 with a width of 0.05 .
The bright clusters discussed in this paper have a high signal to noise detection in all 6 bands (UV (F140LP), U (F336W), B (F439W), V (F550M), Hα (FR656N), I (F814W) and their SEDs are fitted to the latest version of the Yggdrasil models ) using χ 2 minimization. These models take into account the contribution of both single stellar population models (Starburst99, Leitherer et al. 1999 ) with a Kroupa A&A proofs: manuscript no. E338feedback Fig. 2 . Spectra of cluster 23 (top) and cluster 18 (bottom) highlighting the WR features in their spectra. The spectrum of cluster 23 is scaled down with a factor 2.8 to fit in the same scale. Left: The spectral region around the He ii 4686Å line. The broad emission component is the signature of the presence of WR stars, the other WR lines (N iii and C iii) are not detected. The narrow component of He ii is originating in the diffuse gas. Additionally, all the nebular emission lines are marked. Right: The spectral region around the red WR bump. This emission bump is originated by C iv, tracing WC stars. Cluster 23 only shows a faint bump, while cluster 18 shows a very strong feature.
(2001) IMF and gaseous continuum and emission lines produced with Cloudy (Ferland et al. 2013) .
The models assume a stellar metallicity of Z=0.004 and a density of the ionized gas of n e = 100 cm −3 (See for more details Adamo et al. 2017) . The model fits are performed for three different covering fractions (0, 0.5 and 1.0). A covering fraction of unity means that all the LyC photons emitted by the cluster are absorbed by surrounding gas inside the photometry aperture, resulting in nebular emission. As shown in Adamo et al. (2010b) the strongest source of nebular contribution is the free-free emission. For the first 3-4 Myrs, this can be as high as 50-60% of the flux in the broadband filters, but strongly declines after 4 Myrs.
The overall results of the fit are similar to the results presented in Östlin et al. (1998, 2003) , showing that ESO 338 contains numerous YSCs with ages between 0 and 40 Myrs, whose ionizing photons and mechanical energy strongly affect the surrounding ISM. We will discuss the stellar population in detail in a forthcoming study and for this paper we only look at some of the most massive young stellar clusters where we find evidence for Wolf-Rayet (WR) stars based on their MUSE spectra.
Wolf-Rayet clusters
The WR phase is a short phase in the life time of a massive star. In this evolutionary stage, the evolved massive stars expel their outer layers with a very strong stellar wind (Crowther 2007) . As the inner regions of the stars become optically visible, their effective temperatures can be as high as 100,000 K (Smith et al. 2002) . This hot temperature makes the WR stars important contributors to the emitted He + ionizing photons. Additionally, due to their strong winds, they also contribute to the chemical enrichment of the galaxies ISM (e.g. Monreal-Ibero et al. 2012) . However, at low metallicity the contribution of the WR stars in the ionizing budget becomes less important (Kunth & Schild 1986; Guseva et al. 2000) and O stars significantly contribute to the He + ionizing budget (Brinchmann et al. 2008) . Recent studies show that standard population synthesis models cannot account for the amount of observed He ii emission (Kehrig et al. 2015 (Kehrig et al. , 2018 . After excluding possible contributions of shocks and gas accretion, very massive stars, or very low metallicity stars need to be used to explain the observed He ii emission.
Assuming a single burst of star formation, massive stellar clusters with ages between 3 and 5 Myrs show spectral features originating from WR stars (e.g. Leitherer et al. 1999; Smith et al. 2002) . The spectral features of WR stars in the optical consist of two broad emission features (Fig. 2) . The "blue" WR bump consists of broad He ii 4686 Å emission as well as fainter C iii and N iii emission, while the "red" WR bump is observed at 5808Å and is caused by C iv emission (e.g. Schaerer et al. 1999; Smith et al. 2016) .
In order to find the clusters with these WR features we construct a pseudo narrow band image (width = 100 Å) covering the red WR bump and subtracted the underlying continuum by interpolating between the blue and the red side of the emission band. We use the same method to construct a pseudo-image of the broad He ii emission. Here we select the broad emission only and leave out the narrow He ii emission as well as [Fe iii] and [Ar iv] with a width of 10 Å left and right of the narrow He ii emission. The velocity differences of the ionized gas are relatively low (see Sect. 4.5), therefore there is no contamination expected from the [Fe iii] and [Ar iv] in the pseudo images. The narrow He ii is originating in the diffuse gas and will be discussed in Sect. 4.4. Östlin et al. (1998) (b) This source was resolved by Östlin et al. (1998) We find 4 clusters with WR features in their spectrum; all four show the broad He ii emission and three clusters show the red WR bump. These clusters show clear signs of the WR features and are rather isolated such that the emission can unambiguously be related to the cluster. Fainter clusters might well have WR features present, but they were not visible as strong signals in the narrow-band images, and also are more difficult to detect due to the lower spatial resolution of MUSE compared to HST. The clusters are identified on the HST V-band image in Fig. 1 using the IDs from the inner sample of Östlin et al. (1998) . Clusters 18, 23 and the source coinciding with clusters 50 and 51 all show both the blue and the red WR features, while cluster 53 only shows the broad He ii emission. Fig. 2 shows the blue and red WR features of cluster 23 and 18 extracted with a circular aperture with a 2 pixel (0.4 ) radius. This aperture is small enough that the continuum emission from the clusters could be isolated and is free from contamination of other bright clusters. We did not subtract any background as in the continuum that is negligible (they are very bright clusters) and it would only create over-or under-subtraction of the nebular lines as they are varying in intensity on small spatial scales. Both clusters show the broad He ii emission feature at 4686 Å with super imposed a narrow component originating in the ionized H ii region. Also other nebular emission line from [Ar iv] and [Fe iii] are identified. From the two other WR lines (N iii and C iii) we see a hint of N iii emission in cluster 18. Table 2 summarizes the properties of the clusters as derived from fitting the Yggdrasil models to the cluster SEDs. All 4 clusters are among the most massive in the galaxy with masses of ∼10 5 M or higher. The reason why only those clusters show detected WR features is that they have the highest signal-to-noise spectra. There will be many more lower-mass clusters containing WR stars, but their features will be fainter and harder to detect. Below we discuss the properties of each cluster:
Cluster 23: is the most massive cluster of ESO 338 with a photometric mass of 3.8 × 10 6 M . Östlin et al. (2007) derive a dynamical mass based on cross correlation of the spectrum with stellar templates and derived a dynamical mass of 1.3 × 10 7 M . The discrepancy between the photometric and dynamical mass can be explained by the presence of spectroscopic binaries (Portegies Zwart et al. 2010) . From fitting the Balmer absorption lines, they also derived an age of 6 +4 −2 Myr. This cluster is located inside a large bubble which is the results of evacuated gas due to the feedback of the stellar population inside cluster 23 (Östlin et al. 2009 ). Based on the expansion speed of [O iii] and Hα an expansion age of the bubble of 3-4.5 Myr is derived (Östlin et al. 2007) , suggesting that the cluster expelled its gas very early in its evolution (Bastian et al. 2014) .
By modelling the feedback from stellar winds and supernova explosions Krause et al. (2016) model the shell expansion around cluster 23 and try to explain the size and velocity of the bubble. By assuming a star formation efficiency of 30%, the energy injected by stellar winds and supernovae is not enough to clear the gas out of the cluster and create a bubble of the size observed. A star formation efficiency as high as 80% is required to explain the rapid gas expulsion of cluster 23.
The age of the cluster as result of our SED fitting strongly depends on the choice of covering fraction. For cluster 23, a covering fraction of 0.0 was chosen, as the gas is blown out well beyond the photometry aperture of 0.125 . The derived age (4 Myr) and mass (3.8×10 6 M ) (Tab. 2) are consistent with previous measurements as well as with the presence of WR features in the spectrum (Tab. 2). If we would, unrealistically, assume a much higher covering fraction, the low intensity of Hα close to the cluster would have resulted in a much older age; for a covering fraction of 1.0 the SED fitting produces an age of 15 Myrs.
Cluster 18: is located in the south-eastern part of the galaxy and also has cleared out most of it's gas content. It is located near a bow-shock like feature visible in Hα (Östlin et al. 2009 ). The ages and masses derived for this cluster assuming a covering fraction between 0 and 0.5 are 3 -6 Myrs and 3.6 − 4.0 × 10 5 M respectively. Similar to cluster 23, in the case of a unrealistically covering fraction of 1.0, the derived age would be 15 Myrs. This cluster has the strongest red WR bump of all 4 clusters, clearly identifying the presence of WC stars.
Clusters 50/51 were identified by Östlin et al. (1998) as two separate clusters. However, in our analysis of the HST data, only a single source has been identified. This cluster has strong Hα emission and has most likely not cleared its gas yet. Therefore we have chosen a covering fraction between 0.5 and 1.0. It is the 19:27:55.00 56.00 57.00 58.00 59.00 28:00.00 01.00
RA ( Cluster 53 show a weak blue WR bump and no red bump, suggesting that not many WR are present. Also this cluster has likely not cleared it's gas content yet as a lot of Hα emission is present on-source, favouring a high covering fraction.
Physical properties of the ionized gas
In this section we investigate the properties of the ionized gas in the halo of ESO 338. We derive physical properties like the extinction, density, and level of ionization using the recombination and collisionally excited lines present in the MUSE spectrum of ESO 338 (Fig. 3) . Additionally, we discuss the kinematics of the halo based on the Hα emission line. (Fig. 4) and other figures where these lines are used. Table 3 lists the emission lines used for each diagnostic. We apply Voronoi binning to all diagnostics in order to increase the signal to noise in the outer regions of the halo. The Voronoi pattern has been calculated on the faintest line (marked in boldface) and is then applied to the brighter line(s) used for the same diagnostic. For the diagnostics where line ratios are calculated we typically choose a higher signal to noise than for just emission lines maps. Notes. The lines marked in boldface are used to calculate the Voronoi pattern. For the density we only calculate the radial profile, where no Voronoi binning is applied.
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Correction for stellar absorption
Two of the important emission lines used in the analysis of the ionized gas in ESO 338 are Hβ (4861Å) and Hα (6563Å). Inspection of the Hβ line profile shows absorption underneath the emission line in some locations of the galaxy. This is caused by a young and intermediate age underlying stellar population (González . This absorption will also be present underneath Hα, but much harder to see due to the brightness of Hα and nearby [N ii] lines. In order to measure the correct strength of the emission lines, this absorption needs to be corrected for. We correct for the absorption lines by fitting simultaneously the emission and underlying absorption. In the regions of the galaxy where stellar continuum is present we fit the emission with a Gaussian profile and the absorption with a Lorentzian profile, better reproducing the broad absorption winds of the Hβ absorption.
To determine where to estimate the continuum level, we smooth the cube with a boxcar with a width of 5x5 pixels (1 2 ). Following González , we measure the continuum near Hβ at ± 30 Å away from the line center with a width of 10 Å for each side. A linear fit between the two continuum apertures was performed and removed from the Hβ spectrum. From these background values a continuum image was constructed. We choose a flux level of 3.0 × 10 −19 erg s −1 cm −1 Å −1 per pixel to determine whether a continuum is present or not.
For the regions where continuum is present both a fit with a single Gaussian emission and a fit with a Lorentzian absorption and Gaussian emission profile are being made. The solution with two lines is only selected if the χ 2 more than 10% better than that of the single line fit. The fit is performed on the smoothed data cube to increase the area of the galaxy where the absorption can be fitted. The correction on the emission line is calculated from the fit to the smoothed data and applied to the un-smoothed emission line flux. The regions in the cube without continuum do not need to be corrected and are therefore fit with a single Gaussian tracing the emission line. Finally, Hα is corrected for the underlying absorption, adopting a ratio between the EW of Hα and Hβ of 0.65 as derived by Olofsson (1995) for a Z=0.001, young (< 15 Myr), stellar population. This value varies with age and initial mass function (IMF) of the underlying stellar population. As the applied corrections are typically very small, this has negligible influence on the corrected Hα emission line flux. The applied corrections to the Hβ line-flux map range from less than 1% in the central 10 of ESO 338, where the absorption cannot be detected due to the very strong emission to 60% towards some of the older clusters in the outskirts of the halo. Fig. 4 shows the absorption corrected emission line map of Hα. A Voronoi binning with a minimal SNR of 5 and a maximum area of 900 pixels was applied and result in a detection limit for Hα of 6.25 × 10 −19 erg s
, integrated over the line profile.
In Bik et al. (2015) the Hα line map already has been presented, showing the large halo which is surrounding ESO 338. However, with the inclusion of the commissioning dataset the depth of the dataset is twice as deep in exposure time and reveals the presence of ionized gas even further out to a distance of ∼8 kpc. Additionally, the halo is not smooth as a lot of spatial structure is visible in the emission map. Towards the South some filaments pointing outwards and to the North a more clumpy structure are present. Towards the northern edge the Hα emission seems to be even more extended than the observed frame.
Extinction
We use the ratio of the stellar absorption corrected Hα and Hβ to calculate a spatially resolved extinction map. As the metallicity of ESO 338 is low (Östlin et al. 2003; Bergvall 1985) and similar to the SMC, we apply the extinction law of Prevot et al. (1984) to determine the E(B-V) of each pixel. The extinction coefficients we take from McCall (2004) . We adopt an intrinsic value of Hα over Hβ ratio of 2.86, assuming Case B, a density of 10 2 cm −3 and an electron temperature of 10 4 K (Osterbrock & Ferland 2006) . We calculate the Voronoi tessellation pattern on the Hβ map to make sure that the individual cells have a minimum signal-to-noise of 30 over a maximum area of 900 pixels (6 ), aiming at an error of ∼0.04 mag in E(B-V). This pattern is applied to the Hα line map and the ratio map is made after that. This map shows that ESO 338 has very low, or even no, extinction by dust. This is consistent with previous measurements of the extinction towards ESO 338 based on long-slit spectroscopy (e.g. Bergvall 1985, Rivera-Thorsen et al, submitted) or SED modelling of the cluster population (Östlin et al. 1998, 2003) .
We can see some spatial variation in the E(B-V) map. The highest values are reached to the eastern and western part of the galaxy. This is also where the Hβ absorption correction is the strongest. Lower values are reached extending away from the galaxy into the halo in northern and southern direction. This coincides with the two ionization cones identified in Bik et al. (2015) and the low E(B-V) is consistent with the high degree of ionization where dust is not expected to survive (see also Sect. 4.4). We also find an increase in the measured E(B-V) values towards the HII regions surrounding the massive clusters in the center of the galaxy. The E(B-V) values become as high as 0.18 mag, compared to ∼ 0.05 mag in the surrounding gas. This indicates that there is still some dust present tracing the left-overs of the giant molecular clouds the clusters have formed in.
Electron density
In the MUSE spectral range we find several line ratios which can be used as a tracer for electron density or temperature. We can derive the electron density from the [S ii] 6717Å / 6731Å line ratio. Two sets of lines can be used to derive the temperature: [S iii] lines and the [N ii] line ratios. For the temperature, the detection and 6731Å), however, are much brighter and the density can be traced much further out. The spatially resolved maps of the temperature and density of the inner area of the galaxy will be part of a future study.
In this paper we derive the radial profile of the electron density in order to derive the total mass of the ionized halo (Sect. 5). To derive the electron density as far out in the halo as possible, we construct a radial profile of both [S ii] emission lines. The center of the radial profile is the location of the brightest, central cluster, cluster 23 (the same positions as the extracted spectrum of Fig. 3 ). The bin width of the radial profile is chosen such that a minimum signal-to-noise of 30 is reached in the faintest [S ii]6731Å line up to a maximum bin width of 2 . The electron density is derived by adopting a temperature of 12000 K (a typical value derived from both temperature traces in the central part of the halo) using getTemDen in pyneb.
Errors are calculating using a Monte Carlo approach. Based on the derived errors on the line fluxes, the line ratio is calculated 1000 times by randomly drawing from a Gaussian distribution centred around the measured line flux with a σ representing the error on the line flux. From each of these line ratios a density is calculated using pyneb. For each radial bin we have a distribution of 1000 values for n e and the 1σ errors are derived by taking the 16% and 84% values for the lower and upper error respectively. Fig. 6 shows the resulting radial profile. We are able to calculate the density to a radius as far as 15 (3.2 kpc). Beyond this the derived densities show a scatter which is much larger than the statistical error bars derived from the Monte Carlo simulations. The signal-to-noise of all these points is above the minimum value of 30 set by the construction of the radial profile. Systematic errors, due to, for example, non-perfect background subtraction can be responsible with this. At low densities, the [S ii] line ratio approaches an asymptotic value and small deviations could result in relatively large fluctuations in density. Therefore we do not trust the derived densities beyond the 15 (3.2 kpc) radius.
In the radial profile, the density drops from a maximum value of around n e = 100 cm −3 in the center of ESO 338 to values below n e ≈ 10 cm −3 where the densities become difficult to mea- sure as the line ratio approaches the asymptotic value. The central 0.5 shows a lower density due to the bubble evacuated by cluster 23 (Östlin et al. 2007 ).
Degree of ionization
In Bik et al. (2015) Bik et al. 2015) . Apart from the ionization cones to the north and the south and the very ionized central region, the more neutral areas east and west of the central star burst become more evident. This area in the halo coincides with the location of the older stellar populations, characterized by a strong Hβ absorption (Sec. 4.1).
Another signature that becomes evident by tracing the outskirts of the halo is that the ionization increases again beyond 3.5 kpc, as shown in Fig. 7, panel At radial distances larger than 3.5 kpc, the ionization of the halo goes up again. This is especially visible in the north of the halo.
The southern ionization cone also shows a very strong rise of the ionization after 3.5 kpc. In the northern halo, also an elongated feature of low-ionization is visible towards the north-west.
The decrease in [O iii] over Hα at radii less than 3.5 kpc is analog to an HII region around a star, the O ++ zone is smaller than the H + due to the fact that few O + ionizing photons are available (hν > 35.2 eV) than H ionizing photons (hν > 13.6 eV). The radial increase at larger radii can be explained by several possibilities. The first explanation is that due to the fast dropping off gas density (Fig. 6 ) the mean-free path of the ionizing photons becomes large and the rate of recombinations does not balance anymore the rate of ionizations, resulting in a higher ionization fraction of the gas. This indicates that the halo is density bounded instead of ionization bound, and would suggest that ESO338 is leaking LyC photons (also found by Leitet et al. 2013) . Also shocks can cause an increase in ionization and fast radiative shocks can result in emission of high ionization lines such as Ne v and He ii (Izotov et al. 2001; Thuan & Izotov 2005; Herenz et al. 2017 ). As will be discussed in Sect. 5.2, we do find evidence for shocks around the central starburst , however, in the other regions where we find the increase in [O iii]/Hα ratio, the FWHM is rather low, suggesting that shocks might not be important here. A third possibility is presented by Binette et al. (2009) , where they model gas turbulent mixing layers. Warm photoionized condensations are immersed in a hot supersonic wind resulting in turbulent dissipation and mixing, accelerating and heating of the gas. This can lead to an increase of the [O iii]/Hα ratio. The condensations will be of higher density and therefore have a higher optical depth for the LyC photons, however, the lower density gas in which the condensations are immersed still enables the escape of LyC photons.
Tracing even higher energetic photons are the emission lines from He ++ recombination (hν > 54.4 eV). Over-plotted on panel a of Fig. 7 is a contour map of the He ii emission. Apart from the broad He ii emission peaking on some of the cluster positions (Sect 3), there is a lot of spatially extended, diffuse He ii emission. This diffuse emission has a narrow spectral profile and is of nebular origin. We detect diffuse He ii emission in the central area of the galaxy. In this area most of the young clusters, including the WR cluster ( 
Kinematics
In order to derive kinematic information such as the velocity and velocity dispersion, we apply a Voronoi pattern to the integrated Hα emission line map with a minimum SNR of 20 and a maximum cell size of 900 pixels (36 ). This pattern is applied to the reduced data cube and we fit the Hα line in each Voronoi cell with a Gaussian profile. Fig. 8 shows the results in both the velocity map as well as the map of the full-width at half maximum (FWHM). The systemic velocity for ESO 338 is adopted to be 2841 km s −1 , as discussed in Bik et al. (2015) . The FWHM of the instrument line spread function (LSF) at the observed wavelength of Hα is calculated using the formulas given in Sect. 5.2 of Bacon et al. (2017) . Bacon et al. (2017) derive the FWHM of the LSF as function of wavelength by fitting a large number sky lines over the entire MUSE field of view. At wavelength of the redshifted Hα emission (6625Å), the FWHM of the LSF is found to be 114.5 km s −1 . Because of the overall stability of the instrument no significant changes in the spectral resolution are expected to occur. However, we checked this value on our data by measuring the FWHM of the Xe λ 6595.56 Å arc line (close to the position of Hα) in a reconstructed cube of an arc frame. The measured mean FWHM over the field of view of the instrument of the line is 114 km s −1 , with a standard deviation of 9 km s −1 , consistent with value derived by Bacon et al. (2017) . We quadratically subtract the 114.5 km s −1 instrumental FWHM from the observed FWHM map.
With the two datasets combined we can measure the velocity field and the FWHM as far as ∼40 (7 kpc) and both the velocity map and FWHM reveal many more structures than already discussed in Bik et al. (2015) . In Bik et al. (2015) we already presented the redshifted elongated features starting from the central area of the galaxy and extending north and south. Bik et al. (2015) shows that the gas in the northern redshifted feature is highly ionized and conclude that these are outflows driven by feedback from the clusters in the central area of the galaxy. The new velocity maps shows that the north-western outflow, in contrast was what seen in Bik et al. (2015) , does not extend to the end of the halo. It extends to a distance of 3.6 kpc. We will discuss the outflow feature in more detail in Sect. 5.3.
Further to the north-west of halo the velocity field turns chaotic with small patches showing blue shifted velocities and other patches showing redshifted velocities. The velocity difference between two patches can be as high as 60 km s −1 . North of the northern outflow feature, the velocity becomes again redshifted with a velocity of 30 km s −1 . Also in the southern part several blue and redshifted features can be seen in the velocity map.
West of the starburst there is a large area with strongly blue shifted Hα emission, with velocities up to -60 km s −1 . A similar blue shifted component is also visible in the velocity map of the H i emission (Cannon et al. 2004 ). This blue shifted region is not very bright in Hα, while it is one of the brightest regions in H i, rising the suggestion that this region is predominantly neutral. Inspecting the HST continuum images, we find that there is some star formation associated with this region, located just east of the bright foreground star. This region, a bit offset from the main starburst, contains a handful of 10 4 M clusters between 1 and 6 Myr, making this region to stand out in the ionization maps (Fig. 7) and show nebular He ii emission. However, the star formation, and He ii emission, is very localized and at the edge of the blue shifted feature. The main part of this feature shows low ionization in the ionization maps (Fig. 7) . The feature is not very collimated and also the strong H i emission suggests against it being an ionized outflow created by the stellar feedback. We do not observe an increase in the FWHM. If this cloud would be infalling in the galaxy, an increase in FWHM would be expected due to the super position of the in-falling cloud and the gas in the galaxy it self. Therefore we conclude that this cloud must be part of the galaxy ISM and possibly part of a perturbed disk of the galaxy. We speculate that this cloud is a remnant of an in-falling cloud which triggered the current starburst.
The velocity field of ESO 338 is so perturbed that there is no clear signature of rotation in the halo. Based on Hα Fabry-Perot observations, Östlin et al. (1999, 2001 ) derived rotation curves for a sample of BCG galaxies that included ESO 338. They did not manage to derive a proper rotation curve for ESO 338 as the observed velocity gradient along the body of the galaxy is not symmetric due to the strong blue shifted emission. In our MUSE velocity map we have more information than in the Fabry-Perot maps, however, also in the MUSE maps, there is no real rotational profile detected.
The map of the velocity dispersion shows, similar to the velocity map the complexity of the ionized halo of ESO 338. In general the FWHM shows rather large values in the halo (∼ 100 km s −1 ), much higher than the thermal broadening. A detailed comparison between the FWHM map and the velocity map shows that the two redshifted feature interpreted as outflows also show high velocity dispersion, especially at the location where the redshifted emission end (see Sect. 5.3). In the northern part of the halo, in between the red-shifted outflow and the redshifted regions further north, the FWM increases strongly. In the northwestern part of the halo the chaotic velocity field also corresponds with a similar behaviour in FWHM map, where some patches have broad lines and others quite narrow. More to the north, however, the velocities become ordered again, also resulting in a decrease of the FWHM. Additionally, south and south east of the central area hosting all the young clusters an increase of the FWHM is observed in a ring like structure.
In order to see whether ordered or random motions dominate the kinematics and to compare ESO338 to high-redshift observations, we calculate the ratio v shear /σ 0 . Where v shear is half the difference between the minimum and maximum velocity measuring the large scale motions in the galaxy and σ 0 is the flux weighted average of the velocity dispersion, measuring the random motions in the galaxy. We use the procedure described in Herenz et al. (2016) to derive the two quantities.
We find that v shear = 28.4 km s −1 , and σ 0 = 57.5 km s −1 , making the ratio v shear / σ 0 = 0.5. These values suggest that the kinematics in ESO338 are highly dispersion dominated (Glazebrook 2013) . This is a property found among more blue compact galaxies (Östlin et al. 2001 ) as well as high-redshift star forming galaxies (Newman et al. 2013 ). The energy released by the stellar feedback increases the turbulence in these galaxies resulting in larger velocity dispersion.
The ionized halo of ESO 338
The Hα line map (Fig. 4) shows that the ionized gas around ESO 338 fills the entire FOV of the observations. In this section we study the halo in more detail and derive the total mass of the ionized gas as well as perform a spatially resolved BPT analysis of the ionized gas in the halo. Finally we look closer at the features identified as outflows in the halo of ESO 338.
Ionized gas mass
In order to derive the mass of the ionized gas, we construct a surface brightness (SB) profile of the Hα emission (Fig. 9) by radially averaging the emission. The center of the profile is, as for the radial density profile, chosen to be the location of cluster 23. The SB profile is measured as far out as 9 kpc, with a dynamic range of about 10 6 . After a relatively constant central surface brightness, between 5 and 10 (2 kpc) the SB profile drops rapidly and flattens beyond 10 and drops more monotonically to low values. This SB profile can be fitted with a combination of a Gaussian profile in the center and a Sersic profile at larger radii. For the Gaussian in the central areas we measure a σ of 2.38 (0.50 kpc). This emission likely is originating from the central starburst in ESO338. The outer halo can be well described by a Sersic profile with index n=1.8 and a scale length of 0.54 (0.11) kpc. This profile describes the SB profile reasonably well down to faint SB levels (Fig. 9) . However, this is not a unique fit, the profile can also be explained by a central Gaussian and two exponential profiles. An exponential profile with a short (2.2 ) scale length, dominating between 10 and 20 and an exponential with a longer scale length (8 ) representing the SB profile beyond 20 . The derived surface brightness profile of ESO 338 is similar to what is found for other BCGs, where typically a central core with a exponential envelope is observed (e.g. Papaderos et al. 2002; Papaderos & Östlin 2012, Östlin et al., in prep) .
From the observed Hα SB profile and the radial density profile, derived in Sect. 4.3, we can derive the mass of the ionized halo around ESO 338. The mass of the ionized gas is related to the Hα luminosity and electron density as follows:
where µ is the atomic weight, m H is the hydrogen mass, L Hα,0 the extinction corrected Hα luminosity, h is Planck's constant, ν Hα is the frequency of Hα and α eff Hα is the Case B recombination coefficient for Hα, and n e is the electron density. For µ, a values of 1.0 is chosen, and α eff Hα is for a 1.2 × 10 4 K gas equal to 9.835 × 10 −14 cm 3 s −1 (Pequignot et al. 1991) . The Hα luminosity is derived assuming a luminosity distance of 37.5 Mpc (Östlin et al. 1998) . The observed luminosity is corrected for extinction by making a radial E(B-V) profile assuming the Prevot et al. (1984) extinction law. This profile is roughly constant through the halo with an average value of E(B-V) = 0.063 ± 0.05 mag. We derive this value by averaging the central 20 of the extinction radial profile. The error is chosen to reflect the radial profile further out and is derived by quadratically averaging the error between 0 and 40 .
Article number, page 11 of 22 A&A proofs: manuscript no. E338feedback (2006) divisory line between star-forming galaxies and AGNs, while the solid line shows the divisory line from Kewley et al. (2001) . In the two other diagrams the solid lines separate the star forming galaxies from AGN/LINERS according to Kewley et al. (2001) . The red dashed (constant magnetic field) and blue solid (constant velocity) lines are predictions from fast radiative shock models by Allen et al. (2008) , calculated for different magnetic field strength and shock velocity. Only the shock + precursor models with the SMC metallicity are plotted.
We do not measure the radial profile of the electron density as far out as we do for the Hα SB profile. In order to extrapolate the electron density radial profile beyond 15 , we make an assumption about the shape of the radial profile. Assuming the Hα emission is emitted by recombination, the Hα luminosity is proportional to the square of the electron density (L Hα,0 ∝ n 2 e ). When we assume that the Hα luminosity profile drops as a Sersic function with a certain scale length and index n= 1.8, the density radial profile would follow a Sersic function with the same index n, but with a scale length which is 3.48 times larger (1.88 ). The absolute scaling of that Sersic profile was determined by fitting that function to the observed density profile between 6 and 11 (dashed line in Fig. 6 ).
For each radius we calculate Equation 1. We do the calculations only for the fit with the Sersic profile with n=1.8. For the 3 component profile with two exponentials, the derived values are very similar. Summing up over all radii gives a total hydrogen mass M(HII) = 3.0 × 10 7 M . We also derive the total Hα luminosity corrected for extinction to be L Hα = 3.56 ± 0.06 × 10 41 erg s −1 . The error on the measured L Hα is dominated by the error on the extinction. The error on the total hydrogen mass is hard to determine as the derived value depends very strongly on the extrapolated radial profile for the electron density. The derived extinction corrected Hα luminosity corresponds to a star formation rate (SFR) for ESO338 of 1.9 M yr −1 , adopting the calibration of Kennicutt & Evans (2012) . Note that this value strictly only valid under the assumption of a continuous star formation rate and no LyC leakage. The star formation rate derived from Hα is sensitive to the stellar population with an age between 0 and 10 Myrs, with 3 Myrs as the the mean age of the stellar population contributing to the Hα emission (Kennicutt & Evans 2012) . Östlin et al. (2003) and Adamo et al. (2011) derive the star-and cluster formation history of ESO 338 and show that this is strongly rising with time. However, at very young ages this becomes very uncertain as the SED fits to the youngest clusters are subject of many uncertainties in the models. In the case of a rising star formation history we would slightly over estimate the actual current star formation rate. On the other hand effects such as absorption of LyC photons by dust, leakage of LyC photons will under estimate the derived star formation rate (e.g. Otí-Floranes & Mas-Hesse 2010).
We can compare the derived values to previous work by Östlin et al. (1999) and Östlin et al. (2009) . Östlin et al. (1999) measured the Hα luminosity from Hα Fabry-Perot observations and found a luminosity of 4.9 × 10 34 W (4.9 × 10 41 erg s −1 ). A similar value was found by Östlin et al. (2009) from HST Hα imaging. These values are a bit higher than the total luminosity derived from the MUSE emission line map (3.56 ± 0.06 × 10 41 erg s −1 ). However, the total mass we derive is five times lower than derived by Östlin et al. (1999) ; 1.6 × 10 8 M , assuming a constant density of n e = 10 cm −3 . From the MUSE data we have derived a more realistic density profile, which is higher than 10 cm −3 in the inner 12 of the halo. Inside this radius, also most of the Hα flux is emitted. As the mass scales with the inverse of the electron density (Eq. 1), the derived mass will be lower with a higher electron density.
Also the SFR we derive is lower than the 3.2 M yr −1 calculated by Östlin et al. (2001) . This is partly due to our lower Hα luminosity and partly due to different conversions used. We use the conversion from Kennicutt & Evans (2012) Compared to the mass of the neutral hydrogen (1.4 ± 0.2) ×10 9 M ) derived from H i observations by Cannon et al. (2004) , the derive ionized gas mass only 1 % of the total halo mass. This indicates that the halo around ESO 338 is predominantly neutral and could have implication for the escape of LyC photons from this galaxy.
Spatially resolved BPT diagrams
In order to gain insight in the ionization processes of the ionized ISM and halo of ESO 338, we construct emission line ratio diagrams (BPT diagrams, Baldwin et al. 1981; Veilleux & Osterbrock 1987) . The location in the BPT diagram is a function of many parameters, such as ionization, metallicity, electron density and hardness of the radiation field (e.g. Kewley et al. 2006) , allowing us to trace these properties in a spatially resolved manner. The line ratios calculated in each Voronoi cell represent a point in the BPT diagram (Fig. 10) . We also show in these diagrams the division lines between star forming galaxies and AGN/LINERs from Kewley et al. (2001) and, only in the [N ii] diagram, also the divisory line from Stasinska et al. (2006) . As a green asterisk the location of the flux weighted average of all the data points is shown. The green asterisks show the position in the diagrams if the line ratios are calculated from summing all the measured flux in each emission line. The location of the green asterisk is consistent with previous determination of the position of ESO 338 in the BPT diagram (Bergvall 1985; Leitet et al. 2013 ). The green asterisks are all located in the upper left part of the BPT diagram, consistent with ESO 338 being a lowmetallicity, high-ionization galaxy.
In the [N ii] BPT diagram all data points are located well below the star formation line of Kewley et al. (2006) , suggesting that photo ionization is the dominant ionization process. However, looking at the [S ii] and [O i] BPT diagrams, many points are located above the star formation line, highlighting the importance of other emission mechanisms than photoionization. One of those possible other mechanisms are shocks in the ISM. Over-plotted in Fig. 10 are the model predictions for fast radiative shocks calculated with the MAPPINGS III code (Allen et al. 2008) for velocities between 200 and 500 km s −1 . We only show the precursor + shock models for SMC metallicity, closest to the metallicity of ESO 338 (12+log(O/H) ≈ 7.9, Guseva et al. 2012) . These shock models explain the location of the points with the highest [S ii]/Hα and [O i]/Hα ratios outside the star formation area in the BPT diagrams. Kewley et al. (2006) show that increasing the electron density and adding a more extreme UV field (caused by e.g. WR stars or very hot O stars) increase both the [O iii]/Hβ and [N ii]/Hα ratio. A higher ionization parameter will, in low-metallicity gas, result in an increase of the [O iii]/Hβ ratio.
We have to be cautious when interpreting spatially resolved BPT diagrams, as the BPT diagram is originally used to separate star formation galaxies from AGN/LINER dominated galaxies using integrated emission line spectra. Ercolano et al. (2012) shows that, based on a 3D MHD simulation without shocks, a large fraction of the points may fall above the star formation line. The 2D projection of a 3D complex ISM can result in having both more neutral and highly ionized material along the line of sight. To study the nature of the different components in the BPT, we apply several selections in the different BPT diagrams and identify the spatial location of those points in the halo. Fig. 11 shows the 3 BPT diagrams again, but now with different selections described below: A large number of data points are not fulfilling any of the selection criteria and are plotted as black points in Fig 11. In the [O i] diagram they are located above the division line, but do not overlap with the shock models of Allen et al. (2008) . In the other two diagrams, the black points overlap with the green (high ionization star formation) and blue (shocks) points. These points trace star forming gas as well as shocked gas or a mix of both. These points are likely located in between the central area dominated by star formation and the ring of shocked gas.
In the bottom right panel of Fig. 11 the location of the different selections discussed above are over-plotted on the grayscaled plot of the [O iii]/[S ii] ionization map (Fig. 7) . It shows that the central area of the galaxy where all the YSCs are located is dominated by highly ionized gas, photo ionized by the massive stars in the clusters (green area). The green area extends towards the north-east and spatially overlaps with the outflow identified in the Hα velocity field (Bik et al. 2015) , suggesting that the gas from the central areas is streaming out along the outflow cavity without producing strong shocks. The gas with the very high [O iii]/Hβ ratio (red) is mostly located near cluster 53. This is one of the clusters identified as WR cluster in Sect. 3.1. The Hα emission towards the cluster is saturated (and masked out from the analysis), but just west of the cluster the gas shows the high [O iii]/Hβ. The WR stars in this cluster are likely responsible for this very high ionization.
The low-ionization gas in the star formation locus (pink) is located in the eastern part of the galaxy where a relatively large Hβ absorption was found (Sect. 4.1). This suggests a somewhat older stellar population emitting much less ionizing photons than the young population in the center. Also in the ionization maps (Fig. 7) , this area is characterised by line ratios indicative of lowionization.
The points outside the star formation locus and overlapping with the shock models (blue) are located in the outer regions of the halo. The spatial distribution of the shocked gas is in the shape of a ring around the starburst, with two openings where the ionization cones (and northern outflow) are located (Bik et al. 2015) . This is suggestive of the halo gas outside the starburst being shocked by the expanding HII regions created by the stellar feedback. Note that following Ercolano et al. (2012) the points above the star formation divisory line can also be explained by overlapping low-ionization and high ionization H ii regions. The area we see the shocked gas also shows lower ionization. We do see, however, also an increase in FWHM, this would be more suggestive of the presence of shocks.
Nitrogen enrichment
To study the location of the gas with a high [N ii]/Hα ratio in more detail, we show in Fig. 12 Region A is north of most of the star clusters and is represented in the BPT diagram by the orange points around log([O iii]/Hβ) ∼ 0.5 (Fig. 11) . Region B has a v-shaped morphology and the brightest area of this region corresponding to the orange points around log([O iii]/Hβ) ∼ 0.7 in the BPT diagram (Fig. 11) . A much fainter enhancement (region C), elongated in southern direction is visible south of region B.
Nitrogen enhancement has been observed in several BCG galaxies (e.g. James et al. 2009; Monreal-Ibero et al. 2010 Pérez-Montero et al. 2011 ) towards WR clusters, suggesting that the emission is due to enrichment by WR stars (or very massive stars above 100 M , which already show WR like stellar winds in a very early phase of their evolution, Smith et al. 2016) . Region A has no corresponding continuum source detected in HST imaging, but is spatially coinciding with the outflow detected in Hα. The geometry of the two other features also suggests a relation to outflowing gas. Also here, the emission is not directly co-located with a clusters, however, in between region B and C several young clusters are detected.
To see if the enriched gas has the same velocity as the rest of the gas, we calculate the velocity map of [N ii]6583Å, applying a Gaussian fit (identical to the Hα line). The contours of the [N ii] velocity field are overlayed on the [N ii]/Hα line map (Fig 12) . Surprisingly, the eastern leg of region B shows a blue shifted velocity. This is not seen in the Hα velocity field (Fig. 8) , where the gas is redshifted like the surrounding gas. We measure a maximum velocity of the [N ii] emission line of -40 km s −1 (blue contours on Fig. 12) , while the velocity measured from Hα is around +10 km s −1 . We also find a region of increased [N ii]6583Å FWHM just east of region B, in between the blue shifted feature and the strongly redshifted feature just east of it, suggesting that we see both components overlapping resulting in a double line profile, not resolved by our MUSE spectroscopy.
The same features are also visible in the other [N ii] lines present in the MUSE spectrum. Both the 6549Å and the much fainter auroral line 5755Å show the same pattern as the 6583Å line, both in their ratio to Hα as well as in velocity, indicating that this is not a data reduction artefact. We have inspected several line ratio maps As the geometry of regions B and C are elongated, this gas could be outflowing gas. We can see in Fig. 12 that region B in the north and region C south are connected by an area with very low [N ii]/Hα (high ionization). Inside this area of high ionization we find three bright clusters: clusters 27, 28 and 29 from the inner sample of Östlin et al. (1998) . All three clusters have masses of ∼ 3×10 5 M . Assuming a covering fraction of 0.5, the ages are 6 Myr for cluster 27 and 28 and 10 Myr for cluster 29. These clusters are a bit too old for clusters containing WR stars at low metallicity. We also do not see the WR features towards these clusters. The clusters in which we identify the WR features (Sect. 3.1) are not associated with the areas of N enrichment and they are also younger than the clusters we identify in between region B and C. An explanation for this apparent discrepancy can be related to the fact that the gas is outflowing. It will take some time before the gas is traveling away from the clusters and by the time we observe the enriched gas, the WR stars have already disappeared.
The galactic outflow
We match the derived ISM properties from the MUSE data to the high-resolution HST data, in order to spatially characterize the outflow identified in the MUSE Hα velocity map. Fig.  13 shows the HST continuum subtracted Hα image from Östlin et al. (2009) with the red shifted and blue shifted velocities from the MUSE Hα velocity map overlayed as contours (Fig. 8) .
At the high spatial resolution of the HST, the Hα image shows the evacuated bubble around cluster 23. The location of cluster 23 is associated with the point source in the middle of the bubble. The edges of the bubble do not show a uniform brightness and towards the north, the bubble seems to be open. As already noted in Bik et al. (2015) , the velocity contours in Hα show that the northern outflow is a complex or probably mul- (Fig. 13) . The stellar wind and supernova feedback form cluster 23 is responsible for creating the bubble. The fact that the bubble is open and a large scale outflow is driven from this bubble can be explained by the standard model of galactic winds (e.g. Chevalier & Clegg 1985; Heckman & Thompson 2017 ). Due to the mechanical energy input of the stellar winds and supernovae, a bubble is created and the gas inside the bubble is heated up and thermalised. Due to RayleighTaylor instabilities, the bubble bursts and the hot gas streams out creating the galaxy scale outflow.
To analyze the gas in the outflow cones in more detail, we derive radial profiles from the northern and southern outflow cone in several emission lines (as indicated in Fig. 14c ). The radial profile is constructed starting from the position of cluster 23. Our aim is to relate the measured velocities of the outflow with ISM properties such as the presence of shocks and the density profile. If we would derive the kinematic information from a similar radial profile as the ISM properties, the velocity variation would be heavily diluted at larger radii due to the high amount of structure in the velocity map. Therefore we create two pseudo long-slits with a width of 5 pixels (1 ), one covering part of the northern outflow and one covering the southern outflow. This slit has roughly the size of the seeing during the observations and preserves most of the details in the kinematics. The slits are indicated in Fig. 14c . Panels A1 and B1 show the FWHM (open diamonds) and the velocity (filled circles) profile along those long-slits. The northern outflow (panel A1) shows an outflow velocity varying between 20 and 50 km s −1 over a projected distance of 3 kpc with the highest velocities measured between 2 and 3 kpc. The FWHM shows a peak near the center and then drops to a value of 100 km s −1 at 200 pc from cluster 23. This peak is not spatially resolved in our MUSE data and likely originates from the gas inside or at the edge of the bubble around cluster 23, suggesting a very turbulent nature of the gas. The same can be seen in the southern outflow (panel B1). At larger distances the FWHM in the northern outflow slowly increases again to values between 120 and 150 km s −1 . At a distance of 3 kpc, where the drop in velocity suggests that the outflow ends, the FWHM of the gas increases even further to values up to 170 km s −1 . The southern outflow does not show this effect at the end of the outflow. In this outflow, after initial increase in velocity to ∼50 km s −1 at 1 kpc, the velocity slowly decreases and at 2.5 kpc really drops to ∼0 km s −1 . The FWHM varies strongly in the first 2 kpc, after which it slowly decreases to ∼80 km s −1 at 3 kpc distance from cluster 23. Panels A2 and B2 show the [O i] BPT diagram (see also Fig 10) of the radially averaged data in the outflow cones. The colours of the data points represent the distance from cluster 23 (see panel A1 and B1 for the relation between distance and colour). Most points are located below the line separating star forming galaxies and AGNs (Kewley et al. 2001) . Close to cluster 23, the points are located in the upper left part of the diagram, suggesting high ionization. The points move down with increasing radius following the separation line, after a certain distance the points cross the line and occupy the region of the BPT diagram dominated by shocked gas.
For the northern outflow the points beyond 2.5 kpc are located in the shocked regime, which coincides with a strong increase in FWHM at the same distance. A similar effect can be seen in the southern outflow from 1.2 kpc, where at the largest FWHM, the points are located in the shocked regime of the BPT diagram.
These shocked areas are not seen in the spatially resolved BPT analysis (Fig. 11) . Due to the radial averaging we are able to trace the gas properties out to much further distances than in the spatially resolved BPT analysis. The shocks appear outside the area covered in Fig. 11 .
The relation between the log([O i]/Hα) and the FWHM is shown in panels A3 and B3. These panels show indeed that when the [O i]/Hα ratio becomes larger, also the FWHM of the lines increases. This is also seen for other galactic scale outflows (Heckman et al. 1990 ). This is especially clear in the northern outflow where the points at the end of the outflow show an increased FWHM and are also located above the separation line. In the souther outflow, the points between 1.2 and 2.5 kpc show a high FWHM, at these distances, the points are also above the separation line in the BPT diagram. Then at large radii, the FWHM slowly drops (as does the velocity), however, the log([O i]/Hα) remains high.
Finally, figures A4 and B4 show the radial density profile derived from the [S ii] ratio for the two outflow cones. The dotted lines show the the r −2 relation expected for a galactic scale outflow (Chevalier & Clegg 1985; Heckman et al. 1990 ). The observed density profiles show similar behaviour as those observed by Heckman et al. (1990) . In the center of ESO 338 they show a roughly flat profile, tracing the density of the gas inside the starburst region and the individual HII regions. The increase at very short distance from cluster 23 is tracing the ring around the bubble (see Fig 13) . After that the density sharply drops consistently with the r −2 relation observed in other starburst (Heckman et al. 1990 ) and with the theoretical production of galactic winds (Chevalier & Clegg 1985) .
In order to derive the dynamical age of the outflows, we need to have an estimate of the inclination under which we see the galaxy and the outflow. As shown by the analysis of Östlin et al. (1999, 2001) , the velocity field is so perturbed that, if even present, a rotation curve could not be derived, making it hard to get a handle on the inclination of the galaxy. Östlin et al. (2001) estimated the inclination of the disk of the galaxy to be 55
• . Assuming that the outflow is launched perpendicular to the disk plane, this would mean an outflow angle of 35
• (angle φ in Heckman et al. 1990) . show the radial density profile derived from the [S ii] line ratio calculated using Pyneb. Over-plotted as dotted line is a r −2 power-law as predicted for galactic scale outflow (Chevalier & Clegg 1985) .
From our MUSE data we can derive some constraints; the observed velocities of the outflows are very low compared to other starburst galaxies The maximum velocity we measure is around 50 km s −1 , while for local starburst galaxies Hα outflow velocities of several 100s of km s −1 are common (Heckman et al. 1990) . Assuming that outflow velocities are similar would suggest a low outflow angle. Additionally, we observe only red shifted velocities in the outflows. This excludes the possibility that the angle is close to 0. Typically the outflow is in the form of a cone with a finite opening angle (Heckman et al. 1990; Westmoquette et al. 2009 ). Both walls of the opening angle are showing red shifted velocity, suggesting an angle larger than 0. The inclination derived by Östlin et al. (2001) and the resulting 35
• angle for the outflow is consistent with the above constraint. Therefore, for the remainder of the paper, we adopt an inclination of 55
• used by Östlin et al. (2001) and the resulting 35
• angle of the outflow under the assumption that the outflow is launched perpendicular to the disk.
For the northern outflow we measure a line of sight velocity between 30 and 50 km s −1 , this would then translate in a real velocity between 52 km s −1 and 87 km s −1 and spatial extend of 3.7 kpc. The line of sight velocity at the end of the outflow is 40 km s −1 , resulting in a real velocity of 70 km s −1 . Assuming a constant velocity with time, this results in a dynamical age of the outflow of 5 × 10 7 yr. Comparing this dynamical age to the possible driving source cluster 23 shows that this cluster cannot be the driving sources as the age of cluster 23 is only ∼ 6 Myrs (Östlin et al. 2007 ). Östlin et al. (2003) and Adamo et al. (2011) derive the star and cluster formation history of the recent starburst and find the most recent burst started ∼ 40 Myr ago and showed an enhancement between 20 and 30 Myrs while the peak of the star formation activity is younger than 10 Myr. These velocities would be consistent with the outflow being created at the beginning of the starburst in ESO 338 and the mechanical energy accelerating the ISM is now maintained by the new generation of star clusters.
However, we have to keep in mind that the measured centroid velocity is derived from a Gaussian fit to a complex velocity profile, adding up all components present along the line of sight. Assuming that the Hα emission mainly arrises from the walls of the outflow cones, the measured velocity is an average from both side of the outflow cone. Even if the cones move at Article number, page 17 of 22 A&A proofs: manuscript no. E338feedback relatively high speed, the average, centroid velocity can still be very low, especially, with the relatively low spectral resolution of MUSE where low-flux high-velocity components will be easily missed.
The central region of ESO 338 is also observed with the GI-RAFFE/Argus integral field spectrograph of the FLAMES instrument mounted on the VLT. The data, presented in Sandberg et al. (2013) , centred at Hα are obtained with a spectral resolution of R ∼ 12000, a factor of 5 higher than our MUSE spectra. We extract the FLAMES spectra at 3 location along the long slits defined in Fig. 14 . The GIRAFFE/Argus field of view limits the analysis of the high resolution spectra to the central kpc of the galaxy. These spectra are presented in Fig. 15 and show a large diversity of line profiles. The northern outflows shows a double peaked profile with the red component increasing with velocity with distance. At a distance of 0.59 kpc from cluster 23, the two components have a projected velocity separation of 83 km s −1 , translating to a velocity separation of 143 km s −1 assuming an outflow angle of 35
• . The southern outflow shows a high velocity component at 0.36 kpc distance with a projected velocity of ∼150 km s −1 , which would result in 260 km s −1 corrected for outflow angle. These high velocities observed in the FLAMES spectra also lead to much shorter dynamical time estimates.
For example the high velocity component at a projected distance of 0.36 kpc from the center has a dynamical age of only 1.6 Myrs. This again illustrates the complexity of the outflow in ESO 338. The observed outflow complex is likely driven by many star clusters with different ages, leading to different components with a different dynamical age. This is especially true for the northern outflow, where also several spatially resolved components are visible on the velocity map confirms this picture. Both high spatial and spectral resolution observations would be needed to separate the different components and link them to individual clusters.
Discussion
In this paper we present deep MUSE integral field spectroscopy of the blue compact galaxy ESO 338-IG04. We find that the galaxy is surrounded by a large, low-density ionized halo extending as far as 9 kpc. We present a detailed analysis of the large ionized halo surrounding this galaxy and investigate the effect of the stellar cluster feedback on the physical properties of the halo.
The ionized ISM of ESO 338
Using the optical emission lines we analyzed the ionized halo and ISM of ESO 338. The central ∼1 kpc of the galaxy is dominated by the starburst and contains most of the massive young stellar clusters, including several with WR stars. The densities inside the region of the starburst are between 100 and 200 cm −3 . Outside the central ∼1 kpc both the Hα emission and the electron density drop fast. The Hα surface brightness profile drops of with a Sersic index of 1.8.
Analysis using the BPT diagram shows that the ionized gas becomes shocked outside the central starburst region. Similar results have been found by Fensch et al. (2016) in another dwarf galaxy. We find the shocked gas to be located in ring around the starburst, with openings where we detect the outflows and ionization cones. We also see an increase in FWHM of the Hα line in the inner 3 kpc of the halo. The points overlap in the [O i] BPT diagram with the fast shock models of Allen et al. (2008) , more specifically those with shock velocities between 200 and 500 km s −1 . These high velocities are not measured in the MUSE FWHM maps, however, analysis of the FLAMES spectra in some regions of the outflows shows the presence of faint, much higher velocity components. They are just not visible in the low resolution MUSE spectrum. Additionally the shocks will be on small spatial scales, unresolved by our MUSE data.
In our first paper on the MUSE data of ESO 338 we have identified two galactic scale outflows (Bik et al. 2015) . Further analysis of the ISM lines in these outflows show a very complex spatial as well as velocity profile, suggesting that multiple clusters are responsible for driving the outflow. We also find evidence for shocks at the outer regions of the outflow.
ESO 338 is a galaxy with similar properties to the samples discussed in (Heckman et al. 2015) where a detailed analysis of the outflow properties are done based on HST/COS absorption line spectroscopy. Several galaxies in their sample (e.g. NGC 5253, SBS 0335-052 and Haro 11) are classified as BCG, similarly as ESO 338. The SFR (1.9 M yr −1 , Sect. 5.1) of ESO 338 is a typical value measured in the sample of Heckman et al. (2015) . The outflow properties, however, are more difficult to compare as Heckman et al. (2015) uses absorption spectroscopy, where the centroid velocity of the warm ionized gas measured with the galaxy as background, while we measure the centroid of the emission line emitted in the same gas, but not restricted to the gas in front of the galaxy continuum. Following the trends between outflow velocity (v out and SFR an outflow velocity between ∼30 to ∼150 km s −1 could be expected for ESO 338. This is very similar to what we measure in the emission lines.
Our emission line results can be better compared to Marlowe et al. (1995) and Martin (1998) where similar star-forming galaxies are observed using Hα imaging and long slit spectroscopy. Both studies derive similar dynamical ages as we do for the kpc scale expanding super bubbles and filaments present in these dwarf galaxies. They use the observed rotation curve to derive an estimate of the escape velocity and compare that to the observed outflow velocity in order to determine if the outflowing gas will escape the galaxy. They find that in most cases the outflowing gas has a velocity below the escape velocity, suggesting that outflowing gas will most likely not escape from the galaxy into the intergalactic medium (IGM). It is therefore suggested that these galaxies have not yet developed full fledged galactic scale winds where gas is escaping in the IGM.
The super-bubbles are created by the combined mechanical output of the stellar winds and supernova, in which the energy input of the supernova thermalises the gas with a temperature up to 10 7 K. This gas will be very low density, but due to the high temperature still have a much larger pressure than the surrounding 10 4 K gas we trace with MUSE. This hot super bubble will therefore expand in the warm gas and create shocks visible as gas with an enhanced [O i]/Hα ratio similarly to the ring of shocked gas seen in the ISM of ESO 338 at ∼ 3kpc from the center. This ring can be caused by the expansion of the hot gas in a large super bubble surrounding the current starburst.
For ESO 338 we do also observe what looks like a more developed galactic scale wind. However, the outflow velocities are still rather low, which could mean that also for ESO 338 this gas does not escape from the galaxy. Due to the disturbed velocity field of the halo of ESO 338 it is not possible to derive a rotation curve of this galaxy in order to trace the gravitational potential and derive an escape velocity (see Östlin et al. 1999) . However, assuming a spherical gravitational potential we can derive an estimate of the escape velocity.
We use the relation for v esc as function of radius and the mass of the galaxy derived by Marlowe et al. (1995) . Assuming a spherically symmetric isothermal potential with an outer cutoff at r max , the escape velocity at radius r can be expressed as v esc (r) = √ 2v circ × √ 1 + ln(r max /r). For r max we choose the Holmberg radius (V= 26.2 mag 2 isophote) for ESO 338 derived by Bergvall & Östlin (2002) to be 42 (7.6 kpc). The circular velocity is estimated using the virial theorem, again assuming a spherically symmetric potential, as v circ = G M r max . For the mass we use the sum of the stellar mass (4×10 9 M , Östlin et al. 2001 ) and the H i mass (1.6 × 10 9 M , Cannon et al. 2004 ). This results in v circ = 55 km s −1 . The northern outflow has a de-projected length of 3.7 kpc. The escape velocity at this radius is v esc = 102 km s −1 .
This value is a bit higher than the de-projected outflow velocity measured for the northern outflow (87 km s −1 ) and this would suggest that the outflowing gas does not escape. However, the assumption of a spherically symmetric gravitational potential is not realistic and the real escape velocity could be different. On the other hand, no dark matter is included in the mass estimate, making the value a lower limit.
From the radial velocity profile we can also see that both the northern and southern outflow did not reach (yet) the edge of the ionized halo. This means that at this moment, no gas is being expelled from the galaxy, if the outflow develops towards the edge of the halo it could eventually.
Because of the radial averaging we are able to trace the gas properties further out than in the spatially resolved analysis of the BPT diagram (Sect. 5.2). The radial averaging enables us to identify shocked gas at the end of the outflow traced by both an increase in the velocity dispersion as well as an increase in the [O i]/Hα ratio. Analogous to the case of the expanding superbubble, this can be explained by the hot outflowing gas interacting with the more quiescent halo gas at the end of the outflow. Such an interaction would decelerate the outflow and create shocks at that location. Another explanation for the FWHM increase at the end of the outflow is related to the fact that the outflow expands in a lower density medium. The outflowing gas becomes very turbulent. Small scale shocks are created in the turbulent gas, resulting in an increase of the shock tracing lines.
WR stars and the origin of He ii emission
We detect strong He ii emission in ESO 338. Towards the WR clusters we detect broad He ii 4686Å emission, but we also find a spectroscopically narrow component. This narrow component is of more diffuse origin. The presence of narrow He ii emission has been subject to multiple interpretations. He ii emission requires the presence of a hard radiation field due to the high ionization potential of He ++ (54.4 eV).
For galaxies at high redshift the narrow He ii emission is even seen as a tracer of pop III stars (Cassata et al. 2013) as it is much stronger than the fluxes expected for WR stars and gravitational cooling radiation produced by gas accretion. In local galaxies, narrow He ii emission is observed in the integrated spectra of several BCGs as well as low metallicity WR galaxies (e.g. Schaerer et al. 1999; Kehrig et al. 2008) , suggesting that the emission is being caused by ionization from WR stars. Herenz et al. (2017) on the other hand, find evidence that the He ii emission from the super shell structure in SBS0335-52E is created by an enhanced UV field caused by shocks in the shell.
In the case of ESO 338 we can see that the diffuse He ii emission is located inside the central starburst containing also the WR clusters. The contours of the He ii emission follow closely the areas of very high [O iii]/[S ii] and [O iii]/Hα ratios, indication a high ionization (Pellegrini et al. 2012) . Due to the lower-density winds in low metallicity environments (e.g. Smith et al. 2002) , not only WR stars are responsible for the He ii emission, but O stars could contribute significantly to the He ii ionizing photon flux. It's spatial distribution makes it likely that the He ii emission in ESO 338 is caused by photoionization, with contributions from both the WR stars in the 4 clusters and massive O stars located in the younger clusters.
The origin of the Nitrogen enhancement
The analysis of the BPT diagram and the [N ii]/Hα ratio revealed several areas with enhanced [N ii] emission (Sect. 5.2.1). We identify three distinct regions in the [N ii]/Hα map (Fig. 12) . Regions B and C seem to be linked to two clusters right in the middle of these regions with ages slightly older than typical WR clusters. The other, most northern region (region A) is difficult to trace back to a cluster, but has a velocity similar to the outflow detected in Hα.
In several BCGs nitrogen enhancements have been detected (e.g. James et al. 2009; Monreal-Ibero et al. 2010 Pérez-Montero et al. 2011; Kehrig et al. 2013; Kumari et al. 2018) , of which most studies suggest an association with WR stars. However, also other mechanisms are prosed to explain the observed enhancement in some galaxies. Pérez-Montero et al. (2011) find that the spatial extend of the nitrogen enhancement observed in several BCGs is too large to be explained by the enrichment due to WR winds, but the observed N/O values could be explained by the accretion of metal poor gas following slow enrichment due star formation feedback (Köppen & Hensler 2005) . Monreal-Ibero et al. (2010) show that in NGC5253 the ISM associated with one of the WR clusters shows a nitrogen enhancement. However not all the WR clusters are found with an increase in nitrogen, Monreal-Ibero et al. (2012) report a nitrogen enhancement in NGC5253 without an associated WR cluster. These observations made Monreal-Ibero et al. (2012) come up with an evolutionary sequence, where the youngest clusters might not show nitrogen enhancement as the processed material needs to be transported to the stellar surface. The second phase is when the WR stars expel the nitrogen enriched gas via winds and later as supernovae into the ISM around the cluster. The final phase is the mixing of the enriched material with the surrounding ISM reaching a new chemical homogeneity. This process is highly depend on the ISM properties and on the rate the gas is being diffused in the ISM (e.g. Williamson et al. 2016) as well as the ISM properties themselves (Tenorio-Tagle 1996; de Avillez & Mac Low 2002) . Stellar evolution models show that rotation favours the appearance of processed material at the surface already for stars that are the main sequence (e.g. Kohler et al. 2015) . Very massive stars (VMS) can also result in an enrichment of nitrogen at ages as early as 1 Myr. Smith et al. (2016) show that young stars significantly more massive than 100 M already exhibit very strong stellar wind, mimicking an appearance as a WR star, making the picture more complicated than the proposed evolutionary sequence.
In contrast to the previous studies, where the nitrogen enhancement is mostly spatially associated with young cluster containing WR stars, in ESO 338 we find the emission displaced. We find no clusters in the HST images at location of the nitrogen enhancement (Fig. 12) . The elongated geometry of most of the emission suggests that it is outflowing gas expelled by the cluster(s) and currently flowing out with the rest of the outflowing gas. The difference measured in the velocity between the [N ii] and Hα emission from one of the nitrogen enriched components remains intriguing. This enriched gas might be launched from a smaller sized super bubble where WR stars have enriched the gas inside the bubble. The different velocity suggest that not all the enriched gas is part of the main outflow complex but is launched in different direction. We do not see the enhancement in any other elements traceable with MUSE, the features are only seen in the three NII lines (5755Å, 6583Å and 6583Å). Moreover only these three lines show the blue shifted component. The emission lines of the other elements in the N-enhanced gas might be to faint to have enough contrast to see it against the bulk-motion of the un-enriched gas. A high-resolution spectrum of the blue shifted component could reveal the other emission lines of this gas, allowing a better characterization of its properties, resulting in more clues on the origin of this gas.
The projected size of the longest leg of region B is 5.7 , corresponding to 1 kpc assuming a distance of 37.5 Mpc. By assuming the gas is launched perpendicular to the disk, an outflow angle of 35
• and adopting the measured velocity of the blue shifted component (-40 km s −1 ), we derive a dynamical age of ∼ 10 7 year. This is compatible with the age of the three clusters between region B and C. The three candidate clusters we detect in between region B and C are between 6 and 10 Myrs old, supporting the scenario proposed by Monreal-Ibero et al. (2012) that the appearance of the process material in the ISM takes some time and might even remain after the WR stars are gone, depending on the mixing timescales.
Is ESO 338 a LyC leaker?
The redshift of ESO 338 is too low to detect escaping LyC radiation directly via e.g. HST/COS as done for some Blue Compact Galaxies (e.g. Leitet et al. 2011 Leitet et al. , 2013 Leitherer et al. 2016; Puschnig et al. 2017 ). However, indirect evidence, based on residual emission under the usually saturated C ii absorption line at 1036 Å, suggests that ESO 338 is a LyC leaker with an escape fraction of ≈16 % (Leitet et al. 2013) . The identified ionization channels in Bik et al. (2015) The VLA 21 cm observations of Cannon et al. (2004) show that the ESO338 is embedded in a large halo of neutral hydrogen. Cannon et al. (2004) derive a total HI mass of (1.4 ± 0.2) × 10 9 M for the gas that is directly associated with the galaxy. The neutral gas is distributed roughly east-west, following the orientation of the projected semi-major axis in the optical. However, this study only detects the gas with column densities above 2 × 10 20 cm −2 , 3 orders of magnitude above the column density where neutral hydrogen becomes opaque for LyC photons (N H = 1.6 × 10 17 cm −2 , Osterbrock & Ferland 2006) . The distribution of the lower-column density neutral gas is unknown.
In Sect. 5.1 we derive a mass of the ionized gas based on the Hα SB profile. The total ionized gas mass we find, 3.0 × 10 7 M is much lower than the neutral gas mass, suggesting that the halo around ESO 338 is predominantly neutral. This rises the question whether LyC photons are able to escape from this predominantly neutral halo.
The observed spatial distribution of the ionized gas, however, is different from the distribution of the neutral gas. The ionized gas extends more to the north and south. The outflows are oriented roughly north and south and have transported a lot of ionized gas away from the body of the galaxy. Additionally, the ionization maps (Fig. 7) suggest that the ionized halo (as far as we can detect it) is not ionization bounded and LyC photons can escape.
Depending on the distribution of the lower-density neutral material, which is not detected in the H i observations, there are two ways of letting the halo leak LyC photons. Firstly, if the low density neutral material shows the same geometric distribu-tion as the gas detected in the H i observations, the northern and southern parts of the halo serve as escape channels. Secondly, if the lower-density neutral gas is more spherically distributed and the ionized halo is completely embedded in the neutral gas, a clumpy neutral medium, consisting of small dense clumps optically thick for LyC radiation inside a much lower-density optically thin medium. The LyC radiation will then escape trough the low-density neutral medium, via ionization channels as seen in ESO 338 and other BCGs (Zastrow et al. 2011 (Zastrow et al. , 2013 Herenz et al. 2017) . The optically thick clumps will be the ones detected by the HI observations.
The ionization maps show that just east and west of the central starburst, the material is much more neutral than towards the north and the south (Fig. 7b) , and both the ionization cones and the outflows show a roughly bipolar geometry oriented northsouth, with the main body of the galaxy oriented east-west. This suggests that the LyC photons preferentially leak via the northsouth direction. This is similar to what is seen in e.g. M82 where the outflow is launched perpendicular to the disk of the galaxy (Shopbell & Bland-Hawthorn 1998) .
Summary and conclusions
We present deep VLT/MUSE optical integral field observations of the blue compact galaxy ESO338-IG04. Based on analysis of the emission line spectra as well as HST observations of the cluster population we derive the following results:
1. ESO 338 is surrounded by an extended ionized halo, which we can trace to 9 kpc distance from the center. We derive a total mass of the ionized gas of 3.0×10 7 M , by extrapolating the measured radial density profile as far out as the measured Hα SB profile. 2. We identify 4 clusters showing the blue and/or red WR bump in their spectra. Re-fitting the observed SEDs of the clusters obtained from HST imaging data reveal that these clusters have masses above 10 5 M and ages between 3 and 6 Myrs, consistent with the observed WR features. 3. The ionization maps reveal the ionization channels detected earlier, but extending out even further to the north and the south to the edges of the observed halo. Additionally we find an increase with ionization when going to larger radii, suggesting that the halo of ESO 338 is density bounded. Diffuse He ii is found in the highly ionized central regions of the galaxy, consistent with ionization by WR and O stars. 4. The kinematical information derived from the Hα line reveals a complex velocity structure of the halo. Similar to previous studies, no rotational motion could be identified in ESO 338. Instead the galaxy is a highly dispersion dominated galaxy with a v shear /σ 0 = 0.5, similar to what is seen in high redshift star forming galaxies. 5. A spatially resolved analysis of the BPT diagram reveals that the gas in the central starburst as well as the inner ∼kpc of the outflows are dominated by photo-ionization. Towards one of the WR clusters we observe a very high [O iii]/Hβ ratio, indicative of the WR stars ionizing the surrounding gas to extreme levels. Outside the central regions, shocks start to become important. We find a ring of shocked gas around the central starburst. We interpret this as an expanding super bubble filled with hot gas created by the stellar wind and supernova feedback. 6. We find areas in the ISM with enriched nitrogen. This is consistent with the enrichment by WR stars. The regions with strong enrichment have an elongated spatial extend and show a velocity pattern different from that of the bulk of the gas detected in Hα. Towards the base of the features two stellar clusters are identified with ages slightly older than that of WR clusters. These clusters have formed their own small bubble with hot gas of which the nitrogen enriched gas is flowing out in a different direction than the bulk of the gas in the galaxy. 7. The Hα kinematics reveals complex outflows towards the north and the south of the galaxy. Both outflows show a complex spatial as well as spectral structure, suggesting that multiple clusters are responsible for this. We find shocks at the end of the galactic outflows. This can be interpreted as hot outflowing gas colliding with the more quiescent warm ISM or by high density gas becoming kinematically unstable when entering low density gas. The turbulence created by these instabilities would then be responsible for the observed shocks. 8. The ISM and halo of ESO 338 is highly modified by the stellar feedback of the massive star clusters in ESO 338. All feedback mechanisms act and become important in different areas and on different timescales. The mechanical feedback of the stars and supernovae is responsible for the shocks and outflows, modifying the spatial distribution of the ionized gas. Photo-ionization by the WR and O stars sets the ionziation structure of the halo and results in a density bounded halo, facilitating the escape of LyC photons. Finally the ISM is chemically enriched by the WR winds.
